Abstract: The light output of dye doped hybrid polymer band-edge lasers is increased more than 100 times by using a rectangular lattice photonic crystal, which provides both feedback and couples more pump light into the laser. The lasers are fabricated in parallel on a 10 cm diameter wafer by combined nanoimprint and photolithography (CNP) [3]. CNP relies on a UV transparent quartz nanoimprint stamp with an integrated metal shadow mask. In the CNP process the photonic crystal is formed by mechanical deformation (imprinting) while the larger features are defined by UV exposure through the combined mask/mold. Fig. 2 shows a typical band diagram for a laser. The two important points are circled. The point in the first band in the ΓP direction provides feedback for lasing. The frequency of the laser can be tuned via the a lattice constant. The frequency of the circled Γ point depends on the b lattice constant. Pump light is coupled into the laser when the inplane wave-vector matches the mode in band two or three. I.e. the optimum pump angle (θ) is where k p is the wave-number of the 532 nm pump light and k || is the in-plane wave-number of the band at the frequency of the pump laser. Fig. 3 is a photo of a laser pumped at the resonance angle. The pump light coming from above the chip is scattered into the chip plane. The orange laser emission is seen perpendicular to the scattered pump beam. A spectrum is inset. Fig. 4 shows measured and calculated data of how the optimum pump angle depends on the b lattice constant. Two curves showing output vs pump intensity for the same laser on and off resonance are shown in Fig. 5 . When the laser is pumped at the resonance angle the threshold drops to 470 nJ/mm 2 , far below typical values for optically pumped dye lasers, and the output intensity increases more than two orders of magnitude.
We present optically pumped hybrid polymer band edge lasers with a rectangular lattice providing laser feedback and also increasing the amount of pump light being absorbed [1] . The lasers are defined in a thin film of photodefinable Ormocore hybrid polymer [2] , doped with the laser dye Pyrromethene 597. They are 375 nm thick slab waveguides with a rectangular lattice of 100 nm deep air holes imprinted into the surface, see Fig. 1 . The short lattice constant (a) is always 200 nm, while the long lattice constant (b) is varied from 351 nm to 360 nm. A compact frequency doubled Nd:YAG laser (532 nm, 5 ns pulses) is used to pump the lasers from above the chip.
The lasers are fabricated in parallel on a 10 cm diameter wafer by combined nanoimprint and photolithography (CNP) [3] . CNP relies on a UV transparent quartz nanoimprint stamp with an integrated metal shadow mask. In the CNP process the photonic crystal is formed by mechanical deformation (imprinting) while the larger features are defined by UV exposure through the combined mask/mold. Fig. 2 shows a typical band diagram for a laser. The two important points are circled. The point in the first band in the ΓP direction provides feedback for lasing. The frequency of the laser can be tuned via the a lattice constant. The frequency of the circled Γ point depends on the b lattice constant. Pump light is coupled into the laser when the inplane wave-vector matches the mode in band two or three. I.e. the optimum pump angle (θ) is where k p is the wave-number of the 532 nm pump light and k || is the in-plane wave-number of the band at the frequency of the pump laser. Fig. 3 is a photo of a laser pumped at the resonance angle. The pump light coming from above the chip is scattered into the chip plane. The orange laser emission is seen perpendicular to the scattered pump beam. A spectrum is inset. Fig. 4 shows measured and calculated data of how the optimum pump angle depends on the b lattice constant. Two curves showing output vs pump intensity for the same laser on and off resonance are shown in Fig. 5 . When the laser is pumped at the resonance angle the threshold drops to 470 nJ/mm 2 , far below typical values for optically pumped dye lasers, and the output intensity increases more than two orders of magnitude.
Our results demonstrate that by careful design of the photonic crystal two optical functionalities can be combined at two different wavelengths in the same material. With their low thresholds and simple operation the lasers presented here provide an attractive way of integrating tuneable light sources into polymer lab-on-a-chip systems.
[1] Mads Brøkner Christiansen, Anders Kristensen, Sanshui Xiao, and Niels Asger Mortensen, "Photonic integration in k-space: Enhancing the performance of photonic crystal dye lasers", Appl. Phys. Lett. 93(23) , in press (2008).
[2] Ormocore is commercially available from micro resist technology GmbH, Berlin, Germany, www.microresist.de. Fig. 1 Conceptual drawing of the resonance pumped lasers. The lasers are Pyrromethene 597 dye doped Ormocore slab waveguides on a glass substrate. The inset is an AFM image of the photonic crystal surface with the a and b lattice constants indicated. Output versus pump intensity for the same laser (b=355 nm) pumped on (•) and off (■) resonance. The off-resonance signal is barely seen, but it has a laser threshold of 7.9 µJ/mm 2 .
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